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Abstract
Electrophilic cyanation of the lithiated cymantrenes [(C5X4Li)Mn(CO)3] (X = H, Cl) yields the corresponding monocyano-
cymantrenes [(C5X4CN)Mn(CO)3] (1, 3). UV irradiation of 1 in the presence of  PPh3 leads to the formation of [(C5H4CN)
Mn(CO)2PPh3] (2). The molecular and crystal structures of 1, 2 and 3 were determined. The cyano groups take part in 
intermolecular C-X⋯N (X = H, Cl) interactions for all compounds.

Graphical Abstract

The crystal structures of the cyanocymantrenes [(C5X4CN)Mn(CO)2L] X = H, Cl, L= CO,  PPh3) show numerous C-X⋯Y (X= H, Cl; Y= N, O, 
C, H) and for L=  PPh3 also C-H⋯π interactions.
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Introduction

Nitriles, particularly aromatic nitriles, are amongst the most-
studied organic functional groups. On one hand, they have 
multiple industrial applications, as in pharmaceuticals or 

agrochemicals [1, 2]. On the other hand, they can easily 
be transformed into other important functional groups [3], 
which again have widespread applications. Last, but not 
least, nitriles are useful as ligands in coordination chemis-
try, as they form thermodynamically stable, yet kinetically 
rather labile complexes [4]. Thus it is not surprising that 
numerous methods for their preparation exist [5–10]. This 
statement should also hold for ferrocenyl and other metal-
locenyl nitriles, which are a sub-group of aromatic nitriles. 
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In comparison, however, their chemistry, particularly of the 
metallocenes apart from ferrocene, seems to be underdevel-
oped. Although they are known for a while [11], only very 
few studies devoted to applications have been reported [12]. 
So far, the main interest seems to have been in their use as 
complex ligands [13–15]. This is also true, when it comes 
to crystal structure determinations. A search in the CSD 
(accessed on October 29th, 2021) using “(C5H4CN⋯TR)” 
as query mask yields 63 hits, of which 60 contain deriva-
tives of cyanoferrocene, and 46 of these have the cyanofer-
rocene as a ligand to another metal like Cu, Ag, Pd or Pt; 
changing the search mask to “(C5H3ZCN⋯TR)” yields 12 
more hits, all of which contain ferrocene derivatives. The 
only “non-ferrocene” structures are [(C5H4CN)Co(C4Ph4)] 
(CYCBCO10) [16], [(C5H4CN)Cr(CO)2(NO)] (KAFCAV) 
[17] and [(C5H4CN)Ru(C5H5)] (SUFGIL) [18]. It seems 
quite astonishing, that although it has been stated that “per-
haps the most highly studied half-sandwich transition metal 
compound is..MnCp(CO)3” [19] and “the metal carbonyl 
complex …most confluent with ferrocene is …MnCp(CO)3” 
[20] (particularly, when it comes to pharmaceutical stud-
ies), there were virtually no structural studies on cyanocy-
mantrenes until very recently [21]. We felt that this class 
of compounds deserves more attention, and here we report 
our synthetic and crystallographic studies on three different 
monocyanocymantrenes [(C5X4CN)Mn(CO)2L] (X = H, Cl; 
L = CO,  PPh3).

Experimental

Starting Materials, Reagents and Instrumentation

[(C5H5)Mn(CO)3] was obtained commercially and was used 
as received. [(C5X4Br)Mn(CO)3] (X = Cl, Br) were prepared 
from Mn(CO)5Br and  C5X4N2 as described in the literature 
[22, 23]. The n-BuLi solutions and dimethyl malonodini-
trile  CMe2(CN)2 were obtained commercially and used as 
received. Phenyl cyanate PhOCN and ethanedinitrile (CN)2 
were prepared as described in the literature [24, 25].

NMR spectra (1H, 13C, 31P) were measured in  CDCl3 with 
a Jeol Eclipse 400 + instrument and were processed and 
evaluated with the MestReNova program. 1H-NMR spectra 
were referenced to the residual  CHCl3 signal at δ = 7.26 ppm 
and 13C-NMR spectra to the  CDCl3 signal at δ = 77.16 ppm. 
IR spectra for 1 and 2 were measured on a Bruker IFS 66v/S 
instrument, while 3 was measured on a Perkin-Elmer 841 
instrument.

Synthesis

[(C5H4CN)Mn(CO)3] (1). A solution of [(C5H5)Mn(CO)3] 
(0.30 g, 1.47 mmol) in THF (10 mL) was treated with 

2.5 m n-BuLi solution (0.71 mL, 1.76 mmol) at − 78 °C 
with stirring for 30 min. After addition of  CMe2(CN)2 
(0.17 g, 1.76 mmol) stirring was continued for 16 h, while 
the temperature was gradually raised to ambient. The solu-
tion was evaporated to dryness. The residue was taken up 
in the minimum amount of  Et2O and filtered through a 
silica plug. After evaporation the crude product was chro-
matographed on silica using petroleum ether/Et2O 8:2 
as eluent. The main fraction yielded 1 as a yellow solid 
(0.29 g, 1.25 mmol, 85%). The spectroscopic data agreed 
with the literature.

1H-NMR  (CDCl3, 400 MHz): δ = 5.31 (t, J = 2.3 Hz, 2H), 
4.84 (t, J = 2.2 Hz, 2H). IR (KBr;  cm−1): ν (CN, CO) = 2236, 
2022, 1920.

[(C5H4CN)Mn(CO)2(PPh3)] (2). A solution of 1 (0.20 g, 
0.87 mmol) and  PPh3 (0.26 g, 1.00 mmol) in THF (120 mL) 
was irradiated for 7 h with a Hanau Heraeus TQ150 high-
pressure mercury UV lamp. The solvent was evaporated in 
vacuo, the obtained residue was taken up with the mini-
mum amount of  Et2O and filtered through a silica plug. The 
fitrate was evaporated and the residue was chromatographed 
on silica using petroleum ether/Et2O 85:15 as eluent. The 
main fraction yielded 2 as a yellow solid (0.26 g, 0.56 mmol, 
64%). The spectroscopic data agreed with the literature.

1H-NMR   (CDCl3,  400  MHz): δ = 7.54–7.36 
(m, 15H,  PPh3), 4.81 (m, 2H,  C5H4), 4.27 (m, 2H, 
 C5H4).–13C{1H}-NMR  (CDCl3, 101 MHz): δ = 230.3 (d, 
J = 26.6 Hz), 136.7 (d, J = 42.3 Hz), 132.9 (d, J = 10.4 Hz), 
130.1, 128.6 (d, J = 9.8  Hz), 116.7, 87.6, 83.8, 64.1. 
–31P{1H}-NMR  (CDCl3, 162 MHz): δ = 88.4. – IR (KBr; 
 cm−1): ν (CN, CO) = 2237, 1937, 1869.

[(C5Cl4CN)Mn(CO)3] (3). A solution of [(C5Cl4Br)
Mn(CO)3] (0.21 g, 0.50 mmol) in  Et2O (15 mL) was treated 
at − 78 °C with 1.6 m n-BuLi solution (0.31 mL, 0.50 mmol) 
with stirring for 10 min. Then freshly prepared gaseous 
(CN)2 was condensed into this solution with continuous 
stirring. The colour of the solution changed to a deep violet. 
After 2 h, the solvent was evaporated in vacuo at − 78 °C. 
The residue was extracted with pentane (two 25 mL por-
tions). Evaporation of the solution yielded a yellow solid, 
which changed its colour to dark green upon standing for 
several days. IR spectroscopy identified the product as 
impure 3 (impurities show up in the ν (CH) region and in 
the region 1500–600  cm−1). CAUTION: Ethanedinitrile is a 
highly toxic gas! Working in a well-ventilated hood is abso-
lutely necessary!

IR (KBr,  cm−1): ν (CN, CO) = 2245w; 2043vs, 1976vs,b. 
[Lit. 2246vw, 2055, 1995, 1991 [26]]

Upon standing for several months (vide infra) very few 
yellow crystals formed. The amount of formed crystals did 
not allow for the measurement of a 13C-NMR spectrum; 
however, an X-ray diffraction experiment was possible.

IR (KBr,  cm−1): ν (CN, CO) = 2246w, 2051vs, 1985vs
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Crystallization and Data Collection

The pre-purified compounds 1 and 2 were dissolved at r.t. 
in the minimum amount of an 85:15 mixture of petroleum 
ether/diethyl ether and transferred in an open vial to a refrig-
erator operating at + 5 °C. After standing for several days 
and slow evaporation of the solvent, yellow crystals were 
obtained.

Upon standing for 6 months, a few yellow crystals formed 
amidst the green solid obtained in the synthesis of 3.

Crystals of 1 and 2 were measured on a Bruker D8 Ven-
ture diffractometer, while a crystal of 3 was examined on a 
Syntex R3/Siemens P4 4-circle diffractometer using ω-2θ 
scans. The latter crystals showed substantial decomposition 
during the measurement, as calculated from the intensity 
decay of the 3 check reflections (59%). The intensities of 1 
and 2 were corrected for absorption effects using the sad-
abs-2016/2 option of the diffractometer software [27]. For 
the absorption correction of 3 the “Numerical/cylindrical” 
option of Wingx [28] was applied. The structures of 1 and 
2 were solved with Shelxt [29–31], while the structure of 
3 was solved with Shelxs86. Refinements of all structures 
were performed with Shelxl 2018/3. Table 1 presents general 
experimental details of the structure determinations.

Special Remarks on the Structure Refinements

One low angle reflection in the refinement of structure 
1 and seven low angle reflections in structure 2 had to 
be omitted because of likely interference with the beam 
stop. All hydrogen positions were geometrically positioned 
and refined according to the “riding model”. No further 
restraints or constraints were applied.

The data collection of the crystals of 3 was performed 
quite a while ago with a four-circle diffractometer. This 
meant that reflections with θ > 25° were not collected due 
to very low intensity; furthermore, due to the decay of 
the crystal in the X-ray beam only little more than one 
half of the Ewald sphere was measured. Consequently, the 
data: parameter ratio amounts only to 11.4 and is thus 
much poorer than with the other two compounds. Still we 
think, it is good enough for this dataset to be included 
in this discussion. There were no reflections omitted and 
no restraints applied. The unit cell contains two symme-
try independent molecules, which show slight differences 
in the relative orientations of the Mn(CO)3 tripod with 
respect to the cyclopentadienyl ring. A Platon molfit dia-
gram can be seen in Fig. S1.

Table 1  Experimental data 
of the crystal structure 
determinations

1 2 3

Empirical formula C9H4MnNO3 C26H19MnNO2P C9Cl4MnNO3

Formula weight 229.07 463.33 366.84
Crystal system Triclinic Orthorhombic Triclinic
Space group P -1 P b c a P -1
Temperature (K) 298 (2) 103 (2) 291 (2)
Crystal size (mm) 0.060 × 0.050 × 0.040 0.050 × 0.030 × 0.030 0.300 × 0.250 × 0.050
a (Å) 6.6273 (3) 14.6168 (5) 8.064 (2)
B 7.2532 (3) 16.7916 (7) 12.293 (4)
C 11.0123 (5) 17.3447 (7) 13.019 (3)
α (°) 76.930 (2) 84.07 (2)°
β 77.594 (2) 88.460 (10)°
γ 65.787 (2) 89.31 (2)°
V (Å3) 465.81 (4) 4257.1 (3) 1283.2 (6)
Z 2 8 4
µ  (mm−1) 1.392 0.719 1.856
Tmax,  Tmin 0.7456, 0.6736 0.7454, 0.6917 0.6082, 0.6044
Measured/independent reflect 7096/2136 50,808/4351 4896/3698
Rint 0.0206 0.0450 0.0468
Observed reflect. [I > 2σ(I)] 1921 3764 2193
Data/parameters 2136/127 4351/280 3698/325
GOOF 1.115 1.100 1.011
R1, wR2 [I > 2σ(I)] 0.0338/0.0832 0.0254/0.0632 0.0592/0.1281
R1, wR2 [all data] 0.0387/0.0860 0.0337/0.0684 0.1171/0.1597
Δρmax, Δρmin (e Å−3) 0.467/− 0.168 0.294/− 0.274 0.538/− 0.464
CCDC-# 2,123,987 2,123,988 2,123,989
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Results and Discussion

Synthesis

Cyanocymantrene [(C5H4CN)Mn(CO)3] (1) was first 
reported in 1967 as the product of the reaction of 
[Mn(CO)5Cl] with K(C5H4CN) in 58% yield [32, 33]. 
Later on, alternative synthetic procedures using ther-
molysis of [(C6H5N3)Mn(CO)3]+ (22% yield) [34] or 
dehydration of the intermediate oxime [(C5H4CHNOH)
Mn(CO)3] in an overall yield of 51% [35]. We used the 
strategy of electrophilic cyanation of lithiated cymantrene 
[(C5H4Li)Mn(CO)3] with dimethylmalononitrile, which 
we had employed recently for the synthesis of [(C5H4CN)
Mn(CO)2PPh3] (2) [21]. 1 was obtained in a yield of 85%.

The Dicarbonyl- t r iphenylphosphine complex 
[(C5H4CN)Mn(CO)2PPh3] (2), had been prepared by us 
before—as just mentioned-by lithiation of [(C5H4Br)
Mn(CO)2PPh3] followed by electrophilic capture with 
 CMe2(CN)2, in 45% yield. Alternatively, 2 can also be 
obtained via irradiation of a THF solution of 1 in the pres-
ence of  PPh3, in a yield of 64%.

[(C5Cl4CN)Mn(CO)3] (3) had been obtained by us in 
low yield by dehydration of [(C5Cl4CONH2)Mn(CO)3] 
using  POCl3 [26], in a multistep synthesis starting from 
the lithiated [(C5Cl4Li)Mn(CO)3]. A more “direct” pro-
cedure would be electrophilic cyanation of this lithiated 
intermediate. While there are numerous reagents available 
for this purpose, we decided to use cyanogen (CN)2, which 
had been introduced for “direct cyanation of aromatics” 
back in 1980 [36] and had already been used successfully 
for the cyanation of Li(C5Me5) [37]. In the present case the 
formation of intensely coloured solutions and the instabil-
ity of the isolated solid product hinted to the formation 
of some radicals. Although a few crystals of 3 could be 
obtained for a crystal structure determination, we dis-
carded this synthetic pathway.

Molecular Structure of [(C5H4CN)Mn(CO)3], 1

Compound 1 crystallizes in the triclinic space group P-1 
with one molecule in the asymmetric unit. As can be seen 
in Fig. 1, the cyano group is in relative “trans” position 
to one Mn–CO group, while the other carbonyl groups 
eclipse one C–H bond each. The bond from Mn1 to the 
cyano group bearing cyclopentadienyl carbon C1 is the 
shortest; however, there is a relatively small spread (ca. 
6σ) in the Mn–Ccp distances (Table 2). The C–C bonds in 
the ring show a distortion towards a “butadiene-yl” struc-
ture (two short and three longer bonds). The cyano group 
is significantly bent away to the distal side of the ring 

plane (distance 0.141(3) Å). The length of the C–N bond 
is comparable to the values found for the above-mentioned 
Ru (1.148 Å), Cr (1.132 Å) and Co (1.16/1.19 Å) cyanocy-
clopentadienyl complexes, as well as the bending towards 
the distal side of the ring. However, the ring distortion is 
not observed in these three complexes.

Molecular Structure of [(C5H4CN)Mn(CO)2(PPh3)], 2

Compound 2 crystallizes in the orthorhombic space group 
Pbca with one molecule in the asymmetric unit. Figure 2 
shows an ortep3 top view of the structure. While the cyano 
group is still in a “transoid” position with respect to the  PPh3 
ligand (torsion C1–Ct–Mn1–P1 153.1°), the Mn–P bond pre-
fers an eclipsed position with the C3–H3 bond. The distance 
of the manganese atom from the cyclopentadienyl centroid 
is longer (> 13σ) than in 1, and there is also a much wider 
spread (> 25σ) in the individual Mn–Ccp distances, with the 
bond from Mn1 to the cyano bearing carbon being the short-
est again. The C–C bonds of the cyclopentadienyl ring show 
no alternation, with the shortest bond occurring between the 
two “meta” carbons. The cyano group is only slightly bent 
away from the ring plane (distance 0.044(2) Å).

It is also interesting to compare 2 with the recently 
published structures of [{C5H3(CN)2}Mn(CO)2PPh3] and 
[{C5H2(CN)3}Mn(CO)2PPh3] [26]. In these compounds 
the C–N bonds are in the range 1.138(6)–1.147(6) Å with 
C–C–N angles in-between 174.3(4) ° and 179.4 (2)°, with 
the longer bonds and larger angles with the dicyano com-
pound. The distances of the Mn atoms from the cyclopenta-
dienyl ring centroids are reported to be around 1.772(2) Å. 
In both compounds the Mn → P vector eclipses a cyclopenta-
dienyl C–H bond. The Mn–P bond in 2 measures 2.2473(5) 
Å, while in the dicyano compound 2.2549(5) Å and the tri-
cyano compound an average distance of 2.264(1) Å is found. 

Fig. 1  Top view of compound 1. 30% probability ellipsoids
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As can be seen from these data the major effect of increasing 
cyano substitution is an increase of the Mn–P bond lengths.

Molecular Structure of [(C5Cl4CN)Mn(CO)3], 3

Compound 3 crystallizes in the triclinic space group P-1 
with two molecules in the asymmetric unit (Fig. 3).

As can be seen from Figs. 3 and S1 of the Supporting 
Information and Table 2, there are only slight but distinct 
differences between both molecules. The major difference 
occurs in the relative orientations of the cyclopentadienyl 
ring and the Mn(CO)3 tripod. While in molecule A the 
cyano group is nearly perfectly in a “trans” position to the 
Mn1–C7–O2 group, which thus bisects the C3–C4 bond of 
the ring, the Mn2–C17–O12 group in molecule B, while still 
“transoid” with respect to the cyano group, prefers a more 
eclipsed orientation with respect to the C14–Cl7 bond. The 
C–N bond is in both molecules shorter than in compounds 
1 and 2. The distances from manganese to the ring centroids 
are the same as in compound 1 and shorter than in 2, which 
leads to the conclusion that for this parameter the presence 
of a phosphine ligand is more important than the substitu-
ents on the cyclopentadienyl ring. The C–C bonds within 
the cyclopentadienyl rings show a similar distortion towards 

Table 2  Important bond 
parameters of 1–3 

“Ct” is the centroid of the cyclopentadienyl ring.  Ccp are the carbon atoms of the cyclopentadienyl rings

Compd 1 2 3 (mol.A) 3 (mol.B)

C≡N (Å) 1.142(5) 1.146(2) 1.077(10) 1.103(10)
Mn–Ct (Å) 1.765(1) 1.7786(8) 1.768(4) 1.763(4)
Mn–CCO (Å) 1.787(3)

1.792(3)
1.798(3)

1.775(2)
1.775(2)

1.814(9)
1.812(10)
1.823(11)

1.791(10)
1.802(10)
1.812(14)

Mn–Ccp (Å) 2.121(2)–2.140(3) 2.119(1)–2.169(2) 2.132(8)–2.156(8) 2.110(9)–2.154(8)
(C–C)cp (Å) 1.385(4)–1.430(3) 1.406(2)–1.433(2) 1.394(11)–1.434(11) 1.365(11)–1.435(11)
C–C–N (°) 178.0(3) 177.9(2) 177.9(11) 179.4(10)
CCN–Ct–Mn–CCO (°) 178.3; 57.8; 64.5 87.4; 30.7 175.2; 56.4; 66.0 167.0; 48.0; 73.4

Fig. 2  Top view of compound 2, 30% probability ellipsoids

Fig. 3  Top view of the molecu-
lar structure of compound 3 
(left: Mol.A, right: Mol.B). 30% 
probability ellipsoids
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a “diene-yl” form (two shorter and three longer bonds) as 
compound 1, although this has to be regarded with caution 
due to the relatively high standard deviations in 3. All ring 
substituents in both molecules are bent away from the metal 
atoms, with the cyano nitrogens being particularly displaced 
from the ring planes (0.249(18) Å in Mol. A, and 0.144(14) 
Å in Mol. B).

Intermolecular Interactions

When looking at weak interactions in the crystal of com-
pound 1, there are two kinds of “non-classical” hydrogen 
bonds present. First, there are two C–H⋯O interactions 
(Fig. 4, left).

Two inversion-related molecules are joined pairwise via 
H2⋯O1 (d = 2.68 Å,  dC–O = 3.588(3) Å) interactions, and 
these “pairs” are connected in a direction via two H4⋯O2 
(d = 2.64 Å,  dC–O = 3.333(42) Å) interactions. Second, there 
are two C–H⋯N interactions (d = 2.59 Å,  dC–N = 3.367(4) Å) 
(Fig. 4, right), that join pairwise another pair of inversion-
related molecules.

In comparison to compound 1, one might expect for 2 
many more C–H⋯X interactions due to the presence of 15 
phenyl CH groups. Indeed, Fig. 5 shows that this is the case.

Again, there are two C–H⋯O interactions (Fig. 5, left): 
Two inversion related molecules are joined pairwise via 
H123⋯O1 (d = 2.45 Å,  dC–O = 3.266(2) Å), and these dimers 
are doubly joined via the a glide using H106⋯O2 inter-
actions (d = 2.66 Å,  dC–O = 3.278(2) Å). Second, there are 
two independent C–H⋯N interactions (Fig. 5, right). One 
of them (H5⋯N1) joins two inversion related molecules 
(different from the pair in Fig. 5 left; translational shift 
along c) (d = 2.67 Å,  dC–N = 3.388(2) Å), while the other 
joins a glide- related molecules via H125⋯N1 (d = 2.57 Å, 
 dC–N = 3.449(2) Å). Besides these C–H⋯O and C–H⋯N 
interactions there are also C–H⋯C interactions in the crystal 
of 2. What might be best described as “edge-to-face phenyl 
interaction” is characterized by two short contacts between 
H104 and C124/C125 (d = 2.77 and 2.89 Å) and a distance 
between H104 and the C121–C126 ring centroid of 2.81 Å 
(see Fig. S2 of the Supporting Information). What might 
look like a face-to-face π-interaction in Fig. 5 (left picture), 

Fig. 4  “Non-classical” hydro-
gen bonds in 1: symmetry oper-
ators left: for O1: − x,2−y,1−z, 
for O2: x−1,y,z; right: for N1: 
1−x,2−y,− z 

Fig. 5  “Non-classical” hydrogen bonds in 2: symmetry operators left: for O1: 1−x,1−y,1−z; for O2: x−½, y, ½ − z; right: for N1: 1−x, 1−y, − z, 
(towards H5) and: ½−x,1−y, z−½ (towards H125)
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is too offset (centroid…centroid distance 4.267 Å) to be 
regarded as an important interaction.

Since compound 3 does not contain any H atoms, hydro-
gen bonds have no stabilization effect on the crystal struc-
ture. However, as a packing diagram shows (Fig. 6), there 
are some stabilizing intermolecular interactions involving 
the chlorine atoms.

There are two Cl⋯N interactions: N1⋯Cl6 (d = 3.096(9) 
Å; symm. op. x, y−1, z−1) and N2⋯Cl1 (d = 3.100(9) Å, 
symm. op. x, y−1, z); one Cl⋯O interaction between O2 
and Cl7 (d = 3.109(7) Å, symm. op. 1−x, 1−y, 2−z) and 
one rather strong Cl⋯Cl interaction between Cl2 and Cl5 
(d = 3.484(4) Å, symm. op. x, y−1, z). Figure 6 shows also 
the formation of double strands along the c axis. The double 
strands are not interconnected in b direction.

An alternative way of looking at intermolecular inter-
actions is by performing a Hirshfeld surface analysis [38]. 
For this purpose, we employed the freely available program 
CrystalExplorer [39]. Figure S3 of the Supporting Infor-
mation shows the calculated Hirshfeld surfaces of the three 
compounds. The red “spots” on the surfaces close to the CN, 

Fig. 6  Packing diagram of 3, watched along a, showing the stabiliz-
ing Cl⋯N, Cl⋯O and Cl⋯Cl contacts

Fig. 7  “Fingerprint plots” of compounds 1 (first row), 2 (second row) and 3 (third row)



322 Journal of Chemical Crystallography (2022) 52:315–323

1 3

CO and CH groups show the presence of close interactions 
with distances smaller than the sum of van der Waals radii 
between atoms inside and outside the surface. While there 
are many aspects of intermolecular interactions that can be 
visualized with this program, we want to concentrate on 
the “Fingerprints” (Figs. S4, 7) and “Interaction Energies” 
(Figs. S5, S6, 8). “Fingerprint plots” visualize the number 
of close contacts between nuclei inside a Hirshfeld surface 
and those outside, either in general or separated according to 
specific atom pairs [40]. Figure S3 shows the general Finger-
prints, summing up all close interactions. Figure 7 shows the 
different H⋯X (compounds 1 and 2) and Cl⋯X (compound 
3), respectively, contacts, with the percentages referring to 
the absolute number of close contacts. Simple addition of 
the numbers shows, that for compound 1 the contacts involv-
ing hydrogen make up for roughly two thirds of all contacts 
(67.8%), while in compound 2 they are responsible for nearly 
all of them (94.1%). In compound 3, close contacts involving 
chlorine make up for nearly three quarters of all close con-
tacts (72.8%). While H⋯H contacts are virtually not existent 
for compound 1, they are the largest single contributor in 
compound 2. It can also be concluded, that C–H⋯π interac-
tions determine the π stacking interactions and not the π–π 
interaction between the phenyl rings.

Another interesting aspect of intermolecular interactions 
are the involved interaction energies [41–43]. Figure 8 shows 
the calculated energies (as a combination of the electrostatic, 
polarization, dispersion and repulsion terms, using HF/3-
21G) between a central molecule of compound 1 and its 
13 closest neighbours. The corresponding visualizations for 
compounds 2 and 3 are shown in Fig. S5/6 in the Supporting 
Information. As can be seen from these figures,  Etot ranges 
from slightly destabilizing (+ 1.0  kJ/mol in compound 
1) to strongly stabilizing (− 39.0 kJ/mol in compound 1, 
− 38.7 kJ/mol in compound 2). While electrostatic terms are 
important in some cases, in most cases the interplay between 
dispersion and repulsion terms determines the total outcome. 
As might be expected the largest influence of dispersion 

terms (up to − 57 kJ/mol) occurs in compound 2 due to its 
many phenyl- phenyl interactions.

Conclusions

Cyanocymantrenes 1 and 3 have been obtained by elec-
trophilic cyanation of the lithiated cymantrenes [(C5X4Li)
Mn(CO)3] with either dimethylmalononitrile or ethanedini-
trile, with the former one being the reagent of choice. While 
an analogous preparation of 2 had been reported before, 
irradiation of 1 in the presence of  PPh3 yielded the desired 
compound in higher yield. The C–N bond in 3 is signifi-
cantly shorter than in the other two compounds. However, 
otherwise the molecular bond parameters of the two tricar-
bonyl complexes are much more similar to each other than 
to the dicarbonyl complex 2. As we had observed before, 
the replacement of one CO by  PPh3 has a larger effect on 
the molecular parameters than the substitution of hydrogen 
by chlorine within the cyclopentadienyl moiety. For the 
intermolecular interactions the formation of weak C-H⋯X 
(X = N, O, C, H) and C–Cl⋯X “bonds” are most important 
for all three compounds; in the  PPh3 complex 2 they are 
responsible for nearly 95% of all interactions.

Supplementary Information The online version contains supplemen-
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